Objective: To investigate the most commonly fabricated orthodontic retainers.
IntROduCtIOn
The relapse of orthodontic treatment may be associated to several aspects, including periodontal and occlusal factors, pressure from the oral soft tissues and growth.
14 Therefore, orthodontic retainers have the substantial function of providing stability for the outcomes achieved at the end of treatment. 3, 7, 8, 13, 18 The orthodontic retainers may be removable, fixed, active or passive. 4, 5 These appliances should maintain the six keys to normal occlusion of Andrews (curve of Spee, molar relationship, adequate crown angulation and inclination, absence of rotations and diastema), achieved by orthodontic treatment, as well as periodontal health, 4, 6, 18, 22 absence of harmful habits, muscular balance and the established functional occlusion. 13 The bonded lingual retainer fixed on the surfaces of mandibular anterior teeth is considered an effective method for long-term stabilization 6, 17 and is well accepted by the patients because it is esthetic and does not depend on their compliance. A clinical trial comparing fixed retainers manufactured with multistranded metallic wire and a direct-bonded polyethylene ribbon-reinforced resin composite, from mandibular canine to canine, revealed that the polyethylene strip had a mean durability of 11.5 months, compared to 23.6 months for the metallic wire retention. 19 According to another study, 74% of fixed mandibular 3-3 lingual retainers were still present in the patients' mouth after four years and only 2% of patients exhibited gingival alterations after five years of use. 10 Regarding the removable retainers, the Hawley retainer and its variations are the most indicated. 1 In cases of orthodontic treatment with four premolar extraction followed by use of Hawley retainers, both in maxillary and mandibular arches, there was a significant increase in occlusal contacts of posterior teeth. 20 There is some evidence that these retainers are more hygienic than other appliances. 18 However, patient compliance is a matter of concern when removable appliances are indicated.
A study conducted in the United Kingdom evaluated the cost-benefit relationship and patient satisfaction with the use of Hawley retainers and vacuumformed retainers. 9 The results indicated that the vacuum-formed retainers presented better cost-benefit relationship. The first retainers had lower costs for fabrication and repair, caused less discomfort to the patients and did not impair the speech, which confirmed its preference at this geographic region. 9 Several devices are used for orthodontic retention and the frequency of indication of some appliances is still controversial, 2 since it may vary depending on the geographic region and patient characteristics. Thus, the aim of this study was to assess the most frequently requested orthodontic retainers to laboratories located in São Paulo and two neighbor cities. This survey indirectly aimed at demonstrating the preferences of part of orthodontists from the metropolitan area of São Paulo, and also may contribute to investigations on orthodontic retention, especially concerning the indications of the available retainers.
MAtERIAL And MEtHOdS
This study was conducted in accordance with the ethical principles foreseen in the Resolution 196/96 of the Brazilian National Health Council and was approved by the Institutional Review Board.
Information on the type and amount of retainers for the maxillary and mandibular dental arches, fabricated in a continuous period of three months in six laboratories that deliver these services at the cities of São Paulo (n = 4), Mauá (n = 1) and Guarulhos (n = 1), was collected. After consenting to the voluntary participation in this study, the directors of the laboratories were instructed to fill monthly spreadsheets in which they recorded data on the retainers requested by orthodontists. Seven laboratories were initially included in the study, yet data from one of them were excluded because of incompleteness.
The descriptive analysis comprised evaluation of numbers related to the production of each retainer, formation of clusters/groups and graphic presentation in box plots.
The cluster analysis was used to group the retainers according to the total amount of appliances fabricated in the study period. This kind of analysis is applied to group collections of data based on the similarity between them, which in the present study corresponded to the numbers related to the total production, and not to the physical aspect or method of utilization. The clusters are determined to achieve a high degree of homogeneity within groups and an increased degree of heterogeneity between them.
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The formation of clusters was influenced by the amount of retainers produced. Hence, retainers presenting the greatest production were gathered in the same group, in descending order of fabrication.
For the maxillary arch, in decreasing order of demand, the groups were: 1S -Begg retainer, 2S -Hawley retainer, 3S -transpalatal arch retainer, 4S -buccal resin-arch retainer, and 5S -vacuum-formed retainer using acetate or polyethylene, Planas appliance, bonded lingual retainer and V-loop bonded lingual retainer or hygienic retainer. The groups for the mandibular arch were: 1I -3-3 bonded lingual retainer, 2I -Hawley retainer and V-loop bonded lingual retainer or hygienic retainer, 3I -Begg retainer, and 4I -buccal resin-arch retainer, vacuum-formed retainer using acetate or polyethylene and Planas appliance.
The groups of maxillary and mandibular retainers were compared using the Student's-t test (α = 5%) with Bonferroni correction. It is important to explain that, since the sample was small, did not present normal distribution and the total production of some retainers corresponded to zero, data were converted into ranks, which allowed the use of the above mentioned parametric test.
RESuLtS
The distribution of maxillary retainers fabricated by the six laboratories surveyed, in absolute numbers, is shown in Figure 1 . The production of Begg and Hawley retainers was much higher compared to the other appliances. The data from Figure 2 and Table 1 corroborate the observation related to Figure 1 . The most frequently fabricated retainer was the Begg retainer (1S), however, this appliance also presented the greatest variation. The standard deviation was much higher than the mean for this retainer ( Table 1) . The second maxillary retainer most often requested was the Hawley retainer (2S). The other groups had progressively lower mean frequencies of fabrication, with significantly lower mean value for the group 5S compared to groups 1S and 2S (Table 2) .
In absolute numbers, the production of mandibular retainers was much lower compared to the maxillary appliances (Figs 1 and 3) . The most often fabricated retainer was the 3-3 bonded lingual retainer. Concerning the magnitude of production, the maxillary Begg retainer reached an absolute number of 1,137 in the three months surveyed. On the other hand, 332 were the amount of 3-3 bonded lingual retainers produced in the same period. According to Figure 4 and Table 3 , the most frequently fabricated mandibular retainer was the 3-3 bonded lingual retainer (1I), but it also demonstrated the highest standard deviation. This retainer was followed by the appliances in group 2I (Hawley retainer and V-loop bonded lingual retainer). Based on the comparisons shown in Table 4 , the retainers in group 2I were fabricated with significantly higher frequencies compared to group 4I (buccal resin-arch retainer, vacuum-formed retainer using acetate or polyethylene and Planas appliance).
dISCuSSIOn
The orthodontic literature shows wide discussions on retainers, specifically concerning their indication, type of appliance and time during which they should be maintained after completion of active orthodontic treatment. While some authors indicate the use of retainers for an indefinite period in some situations, 14 others advocate that the retention period should be as long as the active treatment lasted. 3 The use of maxillary retainers is necessary mainly due to the possibility of relapse of diastemas and rotations, as well as for maintenance of intercanine and intermolar widths after maxillary expansion. 3, 5, 8, 13, 22 According to this study findings, the Begg and Hawley retainers were the maxillary retainers most often requested by orthodontists to the laboratories surveyed, with mean productions of 189.5 and 125.3, respectively, in a three-month period. The production 
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of these two types of retainers was significantly higher compared to the others in group 5S (Table 2) . These data agree with other studies that indicate the Hawley retainer and its variations as the most used removable appliances for maxillary retention.
18,22
The Hawley retainer is fabricated with acrylic resin, covering the palate, and presents a stainless steel buccal arch that usually extends from the distal surfaces of canines, contouring the buccal aspect of maxillary anterior teeth. Moreover, this appliance has additional retentions as Adams or circumferential clasps. Conversely, in the Hawley retainer with continuous arch or Begg retainer, the buccal arch is initiated on the distal surfaces of second molars and contours the buccal aspects of anterior and posterior teeth, 18 without the need of retention clasps. However, in some cases, clasps may be added to stabilize the continuous arch.
The Hawley retainer has high durability, 18 provides better intercuspation of posterior teeth 20 and may promote small tooth movements. 3 Some authors state that the Hawley retainer may last up to 15 years, allows easy hygiene maintenance, has relatively low cost and does not cause discomfort to the patient during utilization. 1, 18 Nevertheless, the intercuspation may be impaired in areas with occlusal interferences from the stainless steel wire of the retention clasps. The modification from the Hawley to the Begg retainer would provide a solution to minimize the problem of occlusal interferences, by eliminating the retention clasps. 18 Retention in the mandibular arch is even more important, not only to prevent relapses, but also to avoid the secondary crowding of incisors, 16, 17 which may be explained as an anatomical-physiological adaptation phenomenon. 7, 8, 13 As demonstrated in Figure 3 and Table 3 , the mandibular retainers most frequently requested were the 3-3 bonded lingual retainer (from canine to canine), the Hawley retainer and the V-loop bonded lingual retainer or hygienic retainer. Considering that the two latter appliances were grouped into a cluster (2I), the mean values relative to their production in the study period were 55.3 (1I) and 42.8 (2I), respectively. However, the detailed analysis of Table 3 reveals great discrepancy between the median (9.5) and mean (55.3) calculated for the canineto-canine bonded lingual retainer. The median value calls attention to the fact that 50% of the laboratories produced up to 9 appliances. After observation of the crude data, it was found that very high numbers of this appliance were fabricated in a single laboratory, which increased the mean value. Thus, because of the lack of consistency in the distribution of data on the canine-to-canine bonded lingual retainer, the Hawley retainer and the V-loop bonded lingual retainer or hygienic retainer were significantly more requested than the other appliances in group 4I (Table 4) . It should be highlighted that data in this study were based on the outsourced production of orthodontic retainers, and consequently information on the type of appliance most often used in the mandibular arch may be masked. This is explained by the fact that the bonded lingual retainer may be easily manufactured in the dental office and, therefore, many orthodontists do not request this type of appliance to laboratories.
The canine-to-canine bonded mandibular lingual retainer was introduced in the United States in the 1970s and has been used as an integral part of orthodontic treatment since then. 11, 16, 23 Most mandibular retainers are bonded/fixed, because mandibular removable plates have a large bulk of acrylic on the lingual aspect, decreasing the tongue space, impairing the speech and swallowing. 7, 22 This drawback would preclude adequate utilization of the appliance, damaging the treatment outcomes. Notably, the greatest disadvantage of removable retainers is the need of patient compliance, both in maxillary and mandibular arches. 1, 2, 4, 15, 18, 20, 22 The use of mandibular fixed retainers fabricated with smooth stainless steel wire bonded only to the canines is encouraged. 17 The greatest advantage of canine-to-canine bonded mandibular retainers compared to removable retainers lies in the esthetic quality, because they are not easily perceptible and are well tolerated by patients. 16, 24 This type of mandibular retainer is also adequate in cases in which the periodontal support is reduced. 18 The difficulty of patients to perform the hygiene of proximal surfaces in regions where the fixed retainer is bonded led to its modification, in order to facilitate the use of dental floss within the interproximal spaces. For that purpose, loops may be fabricated in the stainless steel archwire in opposite direction than the gingival papillae. However, a comparative study analyzing the fixed retainers modified with loops versus
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Orthodontic retainers: Analysis of prescriptions sent to laboratories without loops and bonded only to the mandibular canines evidenced higher accumulation of biofilm and dental calculus at the region of the modified fixed retainer, with gingival inflammation probably caused by the greater length of wire and presence of angles in the loops. 21 Therefore, these loops would constitute the most retentive areas, which would impair the hygiene.
A study on the effectiveness of bonded retainers and their effects on the periodontal status, conducted for at least 20 years follow-up, reported that these appliances are very effective to maintain the tooth alignment and allow the maintenance of acceptable levels of hygiene and periodontal health. 6 The authors further mentioned that when good bonding techniques are used for the placement of fixed retainers they are not frequently loosened by breakage, thus not contraindicating their prescription. 6 The duration of retainer wear is related to the patient age, characteristics and severity of malocclusion.
The oral habits and other etiologic factors of malocclusions, as well as the orthodontic mechanics employed and the clinical experience of the orthodontist are also relevant factors to estimate the retention period.
14, 21 From a clinical standpoint, maintenance of the mandibular retainer for an undetermined period assures the outcomes of active orthodontic treatment, since it is not possible to predict the cases that will present relapse. 5, 10, 17, 18 The stability should be monitored and controlled by the orthodontists during the routine assessments of retainers for a long time.
12

COnCLuSIOnS
1. For the maxillary arch, the Begg and Hawley retainers were the orthodontic retainers most often requested to the laboratories surveyed. 2. Among the mandibular retainers, the most frequently requested were the bonded lingual retainers and Hawley retainer.
